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Abstract 

Background: There is evidence that cancer survivors are at increased risk of second primary cancers. Changes in 
the prevalence of risk factors and diagnostic techniques may have affected more recent risks. 

Methods: We examined the incidence of second primary cancer among adults in the West of Scotland, UK, 
diagnosed with cancer between 2000 and 2004 (n = 57,393). We used National Cancer Institute Surveillance 
Epidemiology and End Results and International Agency for Research on Cancer definitions of multiple primary 
cancers and estimated indirectly standardised incidence ratios (SIR) with 95% confidence intervals (CI). 

Results: There was a high incidence of cancer during the first 60 days following diagnosis (SIR = 2.36, 95% CI = 2.1 2 
to 2.63). When this period was excluded the risk was not raised, but it was high for some patient groups; in 
particular women aged <50 years with breast cancer (SIR = 2.13, 95% CI = 1.58 to 2.78), patients with bladder 
(SIR = 1.41, 95% CI = 1.19 to 1.67) and head & neck (SIR = 1.93, 95% CI = 1.67 to 2.21) cancer. Head & neck cancer 
patients had increased risks of lung cancer (SIR = 3.75, 95% CI = 3.01 to 4.62), oesophageal (SIR = 4.62, 95% CI = 2.73 
to 7.29) and other head & neck tumours (SIR = 6.10, 95% CI =4.17 to 8.61). Patients with bladder cancer had raised 
risks of lung (SIR = 2.1 8, 95% CI = 1.62 to 2.88) and prostate (SIR = 2.41, 95% CI = 1.72 to 3.30) cancer. 

Conclusions: Relative risks of second primary cancers may be smaller than previously reported. Premenopausal 
women with breast cancer and patients with malignant melanomas, bladder and head & neck cancers may benefit 
from increased surveillance and advice to avoid known risk factors. 
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Background 

The prevalence of patients living after a diagnosis of 
cancer has increased due to rising incidence and im- 
proving survival [1-3]. Patients often seek information 
on preventing and detecting further cancer occurrence 
[4,5]. There is therefore an increasing need to determine 
the risk of subsequent cancer and to provide appropriate 
surveillance and behaviour modification advice. 

The risk of further primary cancers might be expected 
to be raised because of persisting effects of genetic and 
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behavioural risk factors, long term side-effects of 
chemo- and radiotherapy, and increased diagnostic sen- 
sitivity. There is some evidence that this is the case [6]. 
For female breast cancer, the risk of contralateral breast 
cancer is 3% after 5 years [7] a four-fold increase [8,9]. 
Risks of second primary colorectal cancers are doubled 
[10] but might only be increased in tumours of the prox- 
imal colon [11]. A five-fold increase in risk of primary 
lung cancers following Hodgkin's lymphoma has been 
reported [12] and risks of second primary head & neck 
cancers are raised [13]. 

A new evaluation of second primary cancer risk is 
needed for several reasons. There have been significant 
temporal changes in the prevalence of risk factors - such 
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as smoking [14], alcohol consumption [15] and obesity 
[16] - which may affect cancer incidence among survivors 
of cancer. Diagnostic sensitivity has increased due to 
screening programmes [17,18] and the increased use of 
medical imaging technologies [19,20]. Registries use vari- 
ous rules to distinguish between cancers that are new 
cases and those that are an extension of an existing cancer. 
The criteria for defining second primary cancers have 
changed over time and differ between studies. Two sets of 
rules are widely used; the rules of the Surveillance Epi- 
demiology and End Results (SEER) Program [21] are used 
mainly by North American cancer registries; the rules de- 
veloped by the International Association of Cancer Regis- 
tries (IACR) and the International Agency for Research on 
Cancer (IARC) [22,23] are used internationally, mainly for 
reporting. SEER takes account of histology, site, laterality 
and time since initial diagnosis to identify multiple pri- 
mary cancers. The IARC/IACR rules are more exclusive; 
only one tumour is registered for an organ, irrespective of 
time, unless there are histological differences. 

Our aim was to describe second primary cancers in a 
large geographically defined population over a period 
when increasing detection, greater diagnostic sensitivity 
and improved survival may have altered previous esti- 
mates of risk. We used Scottish cancer registry data, 
which have a high case ascertainment rate for most 
tumour types [24-26], and applied comprehensive and 
restricted definitions of second primary cancers. 

Methods 

Population 

Using the Scottish Cancer Registry we identified all pa- 
tients resident in the West of Scotland (population 2.4 
million), aged >15 years who had a first diagnosis of a 
malignant primary cancer between January 2000 and 
December 2004 (n = 58,364). Diagnoses were coded to 
the International Classification of Diseases 10th revision 
(ICD-10). We ignored registrations of non-melanoma 
skin cancers (ICD-10 C44). A cancer was deemed to be 
a first incident, or index, cancer if there was no prior 
record of cancer since 1980 and the cancer was recorded 
as a malignant primary cancer (International Classifica- 
tion of Diseases for Oncology behaviour code 3). We ex- 
cluded patients whose index cancer was diagnosed at 
date of death (n = 965). Six patients were excluded be- 
cause date of death was recorded as preceding date of 
incidence. The final sample comprised 57,393 patients. 
We excluded the first sixty days of follow up from the 
main analysis because it is difficult to distinguish be- 
tween synchronous and metachronous tumours during 
this period. 

When cancer occurred at the same index cancer site 
we recorded the subsequent cancer as a primary cancer 
according to International Agency for Research on 



Cancer/International Association of Cancer Registries 
(IACR/IARC) rules [22,23] and also Surveillance Epi- 
demiology and End Results (SEER) rules for reporting 
multiple primaries. We applied IARC/IACR rules using 
IARCcrgTools [27]. IARC/IACR only allow one tumour 
(depending on histologic group) per organ or pair of or- 
gans per person per lifetime. SEER rules were applied 
using the multiple primary and histology coding manual 
[28]. SEER rules take account of histology, site, laterality 
and time since diagnosis. 

Statistical methods 

The relative risk of a second primary cancer was esti- 
mated by indirect standardisation. The person-years at 
risk among patients diagnosed with a first primary can- 
cer were calculated from diagnosis until 5 years later, 
date of death or date of diagnosis of a second primary 
cancer, whichever came first. Data were stratified by site 
of first primary cancer, site of second primary cancer, 
sex and age at first diagnosis. The expected number of 
second cancers in each stratum was estimated by multi- 
plying the total number of person-years by the age, sex 
and cancer specific incidence rate in the population of 
the West of Scotland in each year between 2000 and 
2009. Standardised incidence ratios (SIR) were obtained 
by dividing the observed number of cases of second pri- 
mary cancer by the number expected. This provided an 
estimate of the risk of a cancer patient developing a sec- 
ond primary cancer relative to the incidence of cancer in 
the West of Scotland general population. Relative risks 
are presented with exact 95% confidence intervals for 
Poisson counts. Rates of second cancer incidence were 
expressed per 100 person-years and age and sex standar- 
dised to the European standard population. STATA ver- 
sion 11 (StataCorp, CollegeStation, TX, USA) was used 
to conduct statistical analyses. 

Ethics 

Formal ethical approval was unnecessary because the 
analysis employed routinely collected non-patient identi- 
fiable data. The use of these data for research purposes 
has been approved by the Privacy Advisory Committee 
to the Board of NHS National Services Scotland. 

Results 

We identified 57,393 patients with an incident primary 
cancer. Five percent (2966/57393) were diagnosed with a 
further primary cancer within 5 years of diagnosis. Six- 
teen percent of second cancers (487/2966) were diag- 
nosed on the same day as the index cancer. A further 
12% (342/2966) were diagnosed between one to sixty 
days after first diagnosis. The crude rate was 4.0 per 100 
person-years in the first sixty days (Table 1). Over the 
5 years of follow-up the rate was 2.0 per 100 person- 
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Table 1 Number of second primary cancers and person-years of follow up 


Time since primary cancer 
diagnosis 


Second cancers* 
(n) 


Person-years 
(years) 


Crude rate (per 100 
person-years) 


Standarised ratet 
(per 100 person-years) 


0 days 


487 


0 






1- 60 days 


342 


8605 


4.0 


2.1 


61 days - 1 year 


455 


33365 


1.4 


0.7 


>1 -5 years 


1682 


1 03464 


1.6 


0.8 


0-5 years 


2966 


145435 


2.0 


1.0 



*excluding non-melanoma skin cancer. 

tage & sex standardised (European standard population ages 15 to 85+). 

years. Figure 1 shows the rates expressed as standardised 
incidence ratios (SIR) for men and women. The risk in 
the first 60 days was 3 times the population risk for 
women and 2 times the risk for men. Between 60 days 
and 1 year risks were lower than the reference popula- 
tion. The overall SIR between 1 day- 5 years was 1.07 
(95%CI = 1.03 to 1.11) for both sexes combined. 

The age, sex and 5-year survival of the 56,564 patients 
who did not have a cancer in the first 60 days is sum- 
marised in Table 2. Forty seven percent were aged 70 
and over, sixty one percent died within five years, and 
2137 (3.8%) had a second primary cancer. 

Table 2 shows there was concordance in the order of 
first and second primary cancers. Lung cancer com- 
prised 19% and 24% of first and second cancers, respect- 
ively; colorectal cancer comprised 13% and 15%; and 
female breast cancer represented 15% and 11%. Five year 
survival and the proportion of patients who had a fur- 
ther cancer were associated. One to two percent of pa- 
tients with cancers with poor survival (6-25% alive at 



5 years for lung, oesophagus, ovarian, and stomach can- 
cer) had a further primary cancer. The proportion of 
second cancers among patients with cancers with better 
survival (37-79% alive at 5 years) ranged from 4% for 
colorectal to 8.5% for head & neck cancers. 

Compared to the distribution of index cancers sites 
(Table 2), there were higher proportions of head & neck 
cancers (13% vs. 4% of index cancers) among patients 
with lung cancer, higher proportions of lung cancer 
(43% vs. 19%) among head & neck cancer patients, and 
higher proportions of prostate (28% vs. 9%) and lung 
cancers (36% vs. 19%) among patients with bladder can- 
cer. P < 0.0001 for each comparison. 

Later cancers at the same site may be recurrences ra- 
ther than true primaries. Table 3 shows the number of 
registered subsequent primary cancers, in the same ICD- 
10 category as the index cancer, classified by IARC/IACR 
and SEER rules. In each case SEER included a greater 
number of second primaries than IARC/IACR. Female 
breast cancer showed the greatest difference; 79 of 98 



Standardised 

incidence 

ratio 



□ Men 
• Women 



1-60 days 



60 days-1 year 



1-2 years 



2-3 years 



3-4 years 



4-5 years 



Time since diagnosis of first primary cancer 
Figure 1 Standardised incidence ratios (SIR) for subsequent primary cancers. 



Table 2 Baseline characteristics and outcomes 



Site of first primary cancer 



All cancer* Lung Colorectal Female Prostate Head & neck Stomach Bladder Oesophagus Melanoma Ovarian 

(C00-C97) (C33-34) (C18-20) breast (C61) (C00-14, C30-32) (C16) (C67) (C15) (C43) (C56) 

(C50) 
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Second or later cancer 














































Lung (C33-34) 


507 


(23.7) 


24 


(20.2) 


65 


(20.1) 


67 


(18.5) 


91 


(26.6) 


88 


(43.1) 


13 


(28.3) 


50 


(35.7) 


6 


(23.1) 


14 


(13.7) 


3 


(15.0) 


Colorectal (C18-20) 


315 


(14.7) 


11 


(9.2) 


56 


(17.3) 


52 


(14.3) 


80 


(23.4) 


1/ 


(8.3) 


8 


(17.4) 


15 


(10.7) 


6 


(23.1) 


9 


(8.8) 


1 


(5.0) 


Female Breast (C50) 


237 


(11.1) 


14 


(11.8) 


25 


(7.7) 


98 


(27.0) 




(0.0) 


5 


(2.5) 


6 


(13.0) 


3 


(2.1) 


0 


(0.0) 


15 


(14.7) 


6 


(30.0) 


Prostate (C61) 


162 


(7.6) 


11 


(9.2) 


45 


(13.9) 




(0.0) 


3 


(0.9) 


11 


(5.4) 


3 


(6.5) 


39 


(27.9) 


1 


(3.8) 


8 


(7.8) 


0 


(0.0) 


Head & neck (C00-C14, C30-C32) 


107 


(5.0) 


15 


(12.6) 


12 


(3.7) 


n 


(3.0) 


15 


(4.4) 


32 


(15.7) 


2 


(4.3) 


2 


(14) 


5 


(19.2) 


2 


(2.0) 


0 


(0.0) 


Stomach (CI 6) 


83 


(3.9) 


6 


(5.0) 


16 


(4.9) 


/ 


(1.9) 


22 


(6.4) 


6 


(2.9) 


3 


(6.5) 


/ 


(5.0) 


0 


(0.0) 


0 


(0.0) 


0 


(0.0) 


Bladder (C67) 


78 


(3.6) 


8 


(6.7) 


9 


(2.8) 


6 


(1.7) 


20 


(5.8) 


9 


(4.4) 


2 


(4.3) 


1 


(0.7) 


2 


(7.7) 


3 


(2.9) 


0 


(0.0) 


Oesophagus (C1 5) 


73 


(3.4) 


4 


(3.4) 


/ 


(2.2) 


9 


(2.5) 


10 


(2.9) 


18 


(8.8) 


1 


(2.2) 


3 


(2.1) 


1 


(3.8) 


3 


(2.9) 


0 


(0.0) 


Melanoma (C43) 


84 


(3.9) 


2 


(1.7) 


8 


(2.5) 


17 


(4.7) 


14 


(4.1) 


0 


(0.0) 


1 


(2.2) 


2 


(14) 


0 


(0.0) 


28 


(27.5) 


2 


(10.0) 


Pancreas (C25) 


49 


(2.3) 


1 


(0.8) 


12 


(3.7) 


10 


(2.8) 


/ 


(2.0) 


1 


(0.5) 


1 


(2.2) 


5 


(3.6) 


0 


(0.0) 


4 


(3.9) 


0 


(0.0) 


Ovarian (C56) 


34 


(1.6) 


0 


(0.0) 


3 


(0.9) 


19 


(5.2) 




(0.0) 


0 


(0.0) 


0 


(0.0) 


0 


(0.0) 


0 


(0.0) 


1 


(1.0) 


1 


(5.0) 


Kidney (C64) 


52 


(2.4) 


6 


(5.0) 


/ 


(2.2) 


/ 


(1.9) 


11 


(3.2) 


4 


(2.0) 


1 


(2.2) 


0 


(0.0) 


1 


(3.8) 


2 


(2.0) 


0 


(0.0) 


Corpus uteri (C54) 


42 


(2.0) 


1 


(0.8) 


9 


(2.8) 


20 


(5.5) 




(0.0) 


2 


(1.0) 


1 


(2.2) 


0 


(0.0) 


1 


(3.8) 


0 


(0.0) 


3 


(15.0) 


All other cancers* 


314 


(13.9) 


16 


(12.9) 


50 


(14.7) 


40 


(10.6) 


69 


(19.2) 


11 


(4.8) 


4 


(8.5) 


13 


(8.8) 


3 


(11.1) 


13 


(1 1 .9) 


4 


(19.0) 


Number of deaths 


34648 


(61.3) 


10130 


(94.1) 


4283 


(59.3) 


2429 


(29.0) 


2169 


(41.2) 


1262 


(52.6) 


1835 


(88.3) 


1157 


(63.2) 


1629 


(91.5) 


373 


(22.0) 


879 


(66.3) 



*excluding non-melanoma skin cancer. 
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Table 3 Number of same site second primary cancers 



Number of subsequent same site 
primary cancers* 





Registry 


IARC/IACR 
rules 


SEER 
rules 


First primary cancer 


n 


n 


n 


Lung (C33-34) 


24 


8 


17 


Colorectal (C18-20) 


56 


31 


55 


Female Breast (C50) 


98 


1 


79 


Prostate (C61) 


3 


0 


0 


Head & neck (C00-C14, C30-C32) 


32 


24 


29 


Stomach (C16) 


3 


0 


1 


Bladder (C67) 


1 


0 


1 


Oesophagus (C15) 


1 


0 


0 


Melanoma (C43) 


28 


0 


28 


Pancreas (C25) 


1 


0 


0 


Ovarian (C56) 


1 


0 


1 


Kidney (C64) 


3 


0 


2 


Corpus uteri (C54) 


1 


0 


1 



Abbreviations: SEER Surveillance Epidemiology and End Results, IARC 
International Agency for Research on Cancer, IACR International Association of 
Cancer Registries. 

^diagnosed >60 days- 5 years after first primary cancer. 



subsequent breast cancers were classified as second pri- 
maries by SEER but only 1 by IARC. For malignant mel- 
anoma, all 28 subsequent melanomas were identified as 
second primaries by SEER but none by IARC/IACR 
rules. There was a smaller difference for head 6k neck 
cancers, for which SEER and IARC/IACR included 29 
and 24 of 32 subsequent head 6k neck cancers. 

Table 4 shows the relative risk of second primary cancers 
using all registrations, all registrations applying IARC/ 
IACR and SEER rules, and all registrations excluding same 
site cancers. There was no overall difference in cancer inci- 
dence compared to the general population (SIR = 0.96, 
95% CI = 0.91 to 1.00; SIR = 0.99, 95% CI = 0.94 to 1.04 
excluding same site cancers). IARC/IACR rules, which 
excluded the largest number of subsequent cancers, sug- 
gested a lower risk (SIR = 0.86, 95% CI = 0.81 to 0.90). 
Patients with lung, colorectal, breast (aged >50 years), 
prostate and ovarian cancers were at lower risk of further 
cancers compared with the general population. IARC/ 
IACR and SEER rules reduced the estimated risks further. 
Patients with cancers of the head 6k neck, bladder, and 
breast (women aged <50 years) showed statistically signifi- 
cant raised rates of subsequent cancers. Patients with ma- 
lignant melanoma had raised risks of second cancers using 
all registrations and SEER rules; however, IARC/IACR 
rules suggested no excess risk. 

Figures 2 and 3 shows SIRs for 13 common second or 
further primaries within 5 years of first diagnosis of lung, 
colorectal, breast, prostate, bladder and head 6k neck 



cancer. SIRs based on IARC/IACR and SEER rules are also 
shown. For primary lung cancer, lower risks of colorectal 
cancer (SIR = 0.53, 95% CI = 0.26 to 0.94) and higher risks 
of head 6k neck cancers (SIR = 2.60, 95% CI = 1.45 to 4.28) 
were observed (Figure 2). When IARC/IACR and SEER 
rules were applied, the risk of subsequent lung cancer was 
significantly lower. For primary colorectal cancers there 
were no significant differences in risk for each cancer 
compared to the reference population, although there was 
a suggestion of an increased risk of endometrial cancer 
(SIR = 1.95, 95% CI = 0.89 to 3.71). Applying IARC/IACR, 
but not SEER, rules reduced the estimated risk of subse- 
quent colorectal cancer. Prostate cancer patients experi- 
enced lower rates of lung (SIR = 0.81, 95% CI = 0.65 to 
1.00), oesophageal (SIR = 0.55, 95% CI = 0.26 to 1.01) and 
prostate cancers (SIR = 0.03, 95% CI = 0.01 to 0.09), and a 
non-significant higher rate of melanoma (SIR = 1.38, 95% 
CI = 0.76 to 2.32). Women with primary breast cancers 
also had a non-significant raised risk of malignant melan- 
oma (SIR = 1.64, 95% CI = 0.96 to 2.63). Risks of second 
primary breast cancers were no different from the refer- 
ence population but estimates were significantly lower 
(SIR = 0.01, 95% CI = 0 to 0.06) applying IARC rules. 
Among head 6k neck patients (Figure 3) there were signifi- 
cantly raised risks of lung cancers (SIR = 3.75, 95% CI = 
3.01 to 4.62), oesophageal (SIR = 4.62, 95% CI = 2.73 to 
7.29) and head 6k neck cancers (SIR = 6.10, 95% CI = 4.17 
to 8.61). SEER or IARC/IACR rules did not significandy 
change SIRs for second head 6k neck cancers. Patients with 
primary bladder cancers had raised risks of cancers of 
the lung (SIR = 2.18, 95% CI = 1.62 to 2.88) and prostate 
(SIR = 2.41, 95% CI = 1.72 to 3.30). 

Standardised incidence ratios for selected cancers are 
shown in Table 5. Between 60 days and 1 year after diag- 
nosis, rates of second primary cancers were generally 
lower than the reference population. When either IARC/ 
IACR or SEER rules were applied, rates of second primary 
cancers were lower than rates based on all registrations. 
Among patients alive one year after diagnosis, risks of fur- 
ther cancers were raised in women with breast cancer 
aged >50 years (SIR = 2.32, 95% CI =1.71 to 3.07) and pa- 
tients with head 6k neck cancers (SIR =2.10, 95% CI = 1.80 
to 2.44). Risks of cancers among prostate cancer survivors 
at 1 year were significantly lowered (SIR = 0.69, 95% CI = 
0.61 to 0.78). One-to-five-year risks were similar to the 
general population among patients with cancers of the 
lung, colorectum and breast (aged >50 years) although 
IARC exclusions meant that risks were significantly 
lowered in patients with colorectal and breast cancers 
(aged >50 years). 

Discussion 

We found an overall raised risk of second primary can- 
cer among patients with a first malignancy (SIR = 1.07). 



Table 4 Standardised incidence ratios of second primary cancers at >60 days - 5 years 





Registry 






IARC/IACR rules 








SEER rules 






Registry* 






First primary cancer 


Number with 
second cancer 


SIR (95% CI) 


Number with 
second cancer 


SIR (95% CI) 




Number with 
second cancer 


SIR (95% CI) 


Number with 
second cancer 


SIR* (95% CI) 


Lung (C33-34) 


119 


0.79 


(0.65, 0.94) 


105 


0.69 


(0.57, 


0.84) 


112 


0.74 


(0.61, 0.89) 


98 


0.83 


(0.67, 1.01) 


Colorectal (C18-20) 


324 


0.89 


(0.80, 1 .00) 


301 


0.83 


(0.74, 


0.93) 


323 


0.89 


(0.80, 1 .00) 


271 


0.86 


(0.76, 0.97) 


Female breast (C50) 


363 


0.96 


(0.86, 1 .06) 


272 


0.71 


(0.63, 


0.80) 


348 


0.92 


(0.82, 1.02) 


274 


0.96 


(0.85, 1 .08) 


Age <50 


52 


2.13 


(1.58, 2.78) 


25 


1.02 


(0.65, 


1.50) 


49 


2.00 


(1.48, 2.64) 


28 


1.67 


(1.11, 2.42) 


Age >50 


311 


0.88 


(0.78, 0.98) 


247 


0.69 


(0.61, 


0.78) 


299 


0.84 


(0.75, 0.94) 


246 


0.92 


(0.81, 1.04) 


Prostate (C61) 


342 


0.71 


(0.63, 0.79) 


339 


0.70 


(0.63, 


0.78) 


323 


0.89 


(0.80, 1 .00) 


339 


0.88 


(0.79, 0.98) 


Head & neck (C00-C14, C30-C32) 


204 


1.93 


(1.67, 2.21) 


196 


1.85 


(1.60, 


2.13) 


201 


1.90 


(1.64, 2.18) 


176 


1.74 


(1.49, 2.02) 


Stomach (C16) 


46 


1.05 


(0.77, 1 .40) 


43 


0.98 


(0.71, 


1.32) 


44 


1.00 


(0.73, 1 .35) 


43 


1.02 


(0.74, 1 .38) 


Bladder (C67) 


140 


1.41 


(1.19, 1.67) 


138 


1.39 


(1.10, 


1.55) 


140 


1.41 


(1.19, 1.67) 


139 


1.46 


(1.23, 1.73) 


Oesophagus (C15) 


26 


0.80 


(0.52, 1.17) 


25 


0.77 


(0.50, 


1.13) 


25 


0.77 


(0.50, 1.13) 


25 


0.80 


(0.51, 1.18) 


Melanoma (C43) 


102 


1.35 


(1.10, 1.64) 


75 


0.98 


(0.77, 


1.23) 


102 


1.35 


(1.10, 1.64) 


75 


1.01 


(0.79, 1 .27) 


Ovarian (C56) 


19 


0.61 


(0.36, 0.95) 


18 


0.58 


(0.34, 


0.91) 


19 


0.61 


(0.37, 0.95) 


18 


0.60 


(0.36, 0.95) 


All of above 


1685 


0.96 


(0.91, 1.00) 


1512 


0.86 


(0.81, 


0.90) 


1637 


1.00 


(0.95, 1.05) 


1458 


0.99 


(0.94, 1 .04) 


^excluding same site. 



Abbreviations: SEER Surveillance Epidemiology and End Results, IARC International Agency for Research on Cancer, IACR International Association of Cancer Registries, SIR standardised incidence ratio, CI confidence interval. 
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Second primary cancer 

Lung (C33-34) 
Colorectal (C18-20) 
Female breast (C50) 
Prostate (C61) 
Bladder (C67) 
Stomach (C16) 
Melanoma (C43) 
Oesophagus (C15) 
Ovary (C56) 

Head and neck (C00-C14, C30-C32) 
Corpus uteri (C54) 
Kidney (C64) 
Pancreas (C25) 



Lung (C33-34) 
Colorectal (C18-20) 
Female breast (C50) 
Prostate (C61) 
Bladder (C67) 
Stomach (C16) 
Melanoma (C43) 
Oesophagus (C15) 
Ovary (CS6) 

Head and neck (C00-C14, C30-C32) 
Corpus uteri (C54) 
Kidney (C64) 
Pancreas (C25) 



First primary cancer 

Lung (C33-34) Colorectal (C18-20) 



Prostate (C61) 



Breast (C50) 



Figure 2 Standardised incidence ratios (SIR) for specific second primary cancers among patients with lung, colorectal, prostate and 
breast cancer. 



There was no overall increase in risk when the first sixty 
days were excluded. However, the risk was raised for pa- 
tients with specific cancers. Women aged <50 years with 
cancer of the breast and patients with melanoma, blad- 
der and head & neck cancers were at increased risk. 
Patients with lung cancer were at increased risk of sub- 
sequent head & neck cancers and patients with head & 
neck cancers were at increased risk of lung cancer, as 
well as oesophageal and other head & neck tumours. Pa- 
tients with bladder cancers were at increased risk of lung 
and prostate cancer. 



Studies have reported relative risks of second primary 
cancers ranging from 1.08 to 1.3 [6,29-31]. Patients with 
cancer may be at increased risk of further primary can- 
cers for three main reasons: they are subject to intensive 
investigations and ongoing surveillance; genetic and be- 
havioural risk factors for the initial cancer may persist; 
and treatment, particularly radiotherapy and chemother- 
apy, may increase the risk of future malignancies. 

We found a raised risk of second cancer diagnosis dur- 
ing the first 60 days, suggesting an artefact of investiga- 
tion. Crocetti observed a similar overall raised risk to 
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First primary cancer 

Head and neck (C00-C14, C30-C32) Bladder (C67) 



Second primary cancer 

Lung(C33-34) 
Colorectal (C18-20) 
Female breast (C50) 
Prostate (C61) 
Bladder (C67) 
Stomach (C16) 
Melanoma (C43) 
Oesophagus (C15) 
Ovary (C56) 

Head and neck (C00-C14, C30-C32) 
Corpus uteri (C54) 
Kidney (C64) 
Pancreas (C25) 



» SEER rules □ IARC/IACR rules 

Figure 3 Standardised incidence ratios (SIR) for specific second primary cancers among patients with head and neck cancer, and 
bladder cancer. 



ours (SIR = 1.08) which was lost when cancers detected 
in the first two months were excluded [31]. However, 
Youlden observed larger risks (SIRs of 1.2 and 1.4 in 
men and women, respectively) which remained 10 years 
later [30]. Curtis found that raised risks were greatest in 
recent years (1995-2000) which may reflect increasingly 
sensitive diagnostic investigation [6]. 



The most prevalent lung cancer risk factor is cigarette 
smoking. This could explain the increased risk of other 
smoking-related cancers among patients with lung or 
head & neck cancer [32]. A similar association may ex- 
plain the increase in lung cancer found among patients 
with bladder cancer. However, clinical investigation of 
abnormalities in anatomically adjacent sites is likely to 



Table 5 Standardised incidence ratios of second primary cancer by time since diagnosis 

Registry IARC/IACR SEER Registry* 



First primary cancer Time since diagnosis SIR (95% CI) SIR (95% CI) SIR (95% CI) SIR (95% CI) 



Lung cancer (C33-34) 




6 


days- < 


year 


0.55 


(0.39, 0.76) 


0.47 


(0.32, 0.66) 


0.38 


(0.27, 0.53) 


0.58 


(0.39, 0.82) 






1 


5 years 




0.98 


(0.78, 1 .22) 


0.88 


(0.69, 1.11) 


0.95 


(0.75, 1.18) 


1.04 


(0.81, 1.32) 


Colorectal cancer (C18-20) 




6 


days- < 


year 


0.79 


(0.61, 1.00) 


0.73 


(0.56, 0.94) 


0.78 


(0.60, 0.99) 


0.81 


(0.61, 1.04) 






1 


5 years 




0.93 


(0.82, 1.05) 


0.86 


(0.75, 0.98) 


0.93 


(0.82, 1 .05) 


0.88 


(0.77, 1.01) 


Prostate cancer (C61) 




6 


days- < 


year 


0.77 


(0.61, 0.96) 


0.75 


(0.59, 0.94) 


0.75 


(0.59, 0.94) 


0.94 


(0.74, 1.18) 






1 


5 years 




0.69 


(0.61, 0.78) 


0.69 


(0.61, 0.78) 


0.69 


(0.61, 0.78) 


0.87 


(0.77, 0.98) 


Breast cancer (C50) 


age < 50 


6 


days- < 


year 


1.05 


(0.29, 2.70) 


0.53 


(0.06, 1.90) 


0.79 


(0.16, 2.31) 


1.11 


(0.23, 3.25) 






1 


5 years 




2.32 


(1.71, 3.07) 


1.11 


(0.70, 1 .66) 


2.22 


(1 .63, 2.96) 


1.77 


(1.15, 2.62) 


Breast cancer (C50) 


age > 50 


6 


days- < 


year 


0.75 


(0.56, 0.98) 


0.65 


(0.47, 0.87) 


0.68 


(0.50, 0.90) 


0.84 


(0.61, 1.13) 






1 


5 years 




0.91 


(0.80, 1.02) 


0.70 


(0.61, 0.81) 


0.88 


(0.77, 1 .00) 


1.16 


(1.02, 1.32) 


Head & neck (C00-C14, C30-C32) 




6 


days- < 


year 


1.33 


(0.91, 1.88) 


1.25 


(0.84, 1.78) 


1.29 


(0.88, 1 .83) 


1.05 


(0.67, 1 .56) 






1 


5 years 




2.10 


(1.80, 2.44) 


2.02 


(1.73, 2.36) 


2.07 


(1.77, 2.41) 


1.94 


(1 .64, 2.27) 



^excluding same site. 

Abbreviations: SEER Surveillance Epidemiology and End Results, IARC International Agency for Research on Cancer, IACR International Association of Cancer 
Registries, SIR standardised incidence ratio, CI confidence interval. 
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increase detection and this could explain the excess of 
prostate cancers found among patients with bladder can- 
cer. Fabbri suggested this for increased prostate and kid- 
ney cancers among men with bladder cancer [33,34]. 

Mellemkjaer reported an SIR of 1.25 for all cancers in 
women with a primary breast cancer [35]. We found an 
SIR of 2.13 among women aged <50 years with breast 
cancer, but applying the same IARC/IACR rules as 
Mellemkjaier, we observed no excess risk. Women with 
breast cancer appeared to have a raised risk of melan- 
oma. There have been reports of increased melanoma 
among patients with prostate and breast cancer [36]. A 
confounding factor is that prostate and breast cancers 
have relatively high survival and incidence is highest 
among socio-economic well-off groups, as is melanoma. 
Patients with an index cutaneous melanoma are at in- 
creased risk of second primary melanomas [37]. This is 
most likely due to the multifocal effects of ultraviolet 
light exposure on the skin. 

Our finding that patients with lung, colorectal, female 
breast (ages >50 years), prostate and ovarian cancer had 
lower than expected numbers of later cancers is not con- 
sistent with previous reports [38-40]. This may be be- 
cause we excluded cancers in the first two months, 
when rates have been found to be highest. Cancers de- 
tected within two months of the index cancer may 
otherwise have not been diagnosed until sometime later, 
if at all. 

Our study covered a large population with a high inci- 
dence of cancer and used recent cancer registry data. 
Most tumour registries collect data on only malignant 
and in situ neoplasms. The Scottish Cancer Registry col- 
lects information on all new cases of cancer including 
primary malignant neoplasms, carcinoma in situ, neo- 
plasms of uncertain behaviour and benign brain and 
spinal cord tumours. The guidelines for registering mul- 
tiple primary cancers are not as restrictive as the IARC/ 
IACR rules, although they have some features in com- 
mon. As a general rule clinical/pathological opinions of 
second primary cancers are registered. IARC/IACR rules 
are generally used for reporting purposes. We applied 
both SEER and IARC/IACR rules, and explored the ef- 
fect of excluding certain subsequent cancers. We did 
find there were cancers recorded in the registry that 
would be excluded as primary tumours according to 
IARC/IACR rules. We do not know how many add- 
itional notifications might have been included using 
SEER rules but were never entered onto the registry. 
The IARC/IACR rules may undercount multiple tu- 
mours, because cancers with the same site and histology, 
diagnosed more than 2 months apart but excluded as a 
later primary, may actually represent a new tumour. 
However to include these cancers could over count mul- 
tiple tumours. Conversely, a new primary cancer may be 



misdiagnosed as a recurrence or metastasis. Our registry 
data found that 5% of cancer patients had a registration 
of a second primary cancer within 5 years. In contrast a 
study in the Netherlands, where the longest follow up 
time was 18 years, found that the percentage of patients 
who had a second cancer was 6% [41]. This difference 
might be due to differences in registration practice. 

We found a similar absolute risk to others, suggesting 
that the smaller relative risk may be due to changing inci- 
dence in the general, comparator population. Screening 
programmes and initiatives to improve public awareness 
of cancer have contributed to greater detection; expected 
rates have risen and the relative risk for patients with an 
index cancer may have fallen. We did not have informa- 
tion on genetic risk factors, such as BRCA1, that might 
identify clusters of cancers in high risk individuals. 

Patients with head & neck cancers and women <50 years 
old with breast cancer are at increased risk of subsequent 
malignancies. The pattern of second cancers was similar 
to that of first cancers and thus the advice to minimise ex- 
posures to the 14 lifestyle and environmental factors de- 
scribed by Parkin [42] remains valid. Further research is 
needed to determine the effects of behaviour change and 
previous exposure on subsequent risk. The higher rate of 
malignant melanoma among patients with breast and 
prostate cancer requires further investigation. Breast and 
prostate cancer are socio-economically patterned and 
higher rates could be due to healthcare seeking behaviour 
which increases detection or, in the case of melanoma, to 
increased sun exposure in more affluent patients. Analysis 
of recent second primary cancer rates in other countries is 
needed to test these hypotheses. 

Conclusion 

The relative risk of second primary cancers may be smaller 
than previously reported, possibly because the general 
population is subject to greater surveillance and screening. 
Premenopausal women with breast cancer and patients 
with malignancies of the bladder, head & neck, and cuta- 
neous melanoma are at increased risk of second primary 
cancers. It may be appropriate to offer surveillance and 
advice to avoid known risk factors to these patients. Fur- 
ther research is needed to determine whether previous 
perspectives of increased second primary cancer risks have 
been pardy due to differences in detection. 
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